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RESEARCH MEMORANDUM 

ROCKET-MODEL INVESTIGATION OF THE ROLLING E F F E C T I V E N E S S  

O F  A F I G m E R - T Y P E  WING-CONTROL CONFIGURATION 

AT MACH NUMBERS FROM 0.6 TO 1.5 

B y  E. Kurt S t r a s s  and Edward T. i%riey 

SUMMARY 

An i n v e s t i g a t i o n  of  t h e  r o l l i n g  e f fec t iveness  of  s p o i l e r  and a i l e r o n  
aerodynamic con t ro l s  on a f igh te r - type  a i rp l ane  has been conducted a t  
Mach numbers from 0.6 t o  1.5 by t h e  Langley P i l o t l e s s  A i r c r a f t  Research 
Divis ion b y  u t i l i z i n g  rocket-propel led tes t  veh ic l e s .  

No e f f e c t s  of mutual i n t e r f e r e n c e  between t h e  midspan s p o i l e r  and 
t h e  outboard a i l e r o n  were de tec t ab le .  
a i l e r o n s  were r e l a t i v e l y  i n e f f e c t i v e  as compared wi th  t h e  s p o i l e r  because 
of  wing tw i s t ing .  For condi t ions of equa l  r o l l i n g  e f f ec t iveness ,  t h e  
twisting-moment c o e f f i c i e n t  of  t h e  a i l e ron  w a s  approximately t h r e e  times 
t h a t  of t h e  s p o i l e r .  

Above t h e  speed of sound, t h e  

INTRODUCTION 

An i n v e s t i g a t i o n  has been made, by means of' rocket-powered modeis 
i n  f ree  f l i g h t ,  of t h e  r o l l i n g  effect iveness  of a wing-control config-  
u r a t i o n  planned f o r  a f igh te r - type  a i rp lane .  Rol l ing  e f f ec t iveness  and 
drag  measurements w e r e  obtained a t  Mach numbers from 0.6 t o  1.5 wi th  t h e  
con t ro l s  mounted upon wings which approximated t h e  s c a l e d  s t r u c t u r a l  
c h a r a c t e r i s t i c s  es t imated f o r  t h e  a i rp lane .  The ro l l i ng -e f f ec t iveness  
r e s u l t s  are compared wi th  experimentally determined r igid-wing va lues .  

. 
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SYMBOLS 

diameter of c i r c l e  swept by wing t i p s ,  2.85 f e e t  

s e c t i o n  pitching-moment c o e f f i c i e n t  

wing chord p a r a l l e l  t o  model cen te r  l i n e ,  inches 

drag of t e s t  model, pounds 

s p o i l e r  p r o j e c t i o n  above wing sur face  normal t o  chord plane, 
inches 

Mach number 

concentrated couple appl ied  near wing t i p  i n  a plane 
perpendicular  t o  both  t h e  41.7-percent-chord l i n e  (main 
spar l o c a t i o n )  and the  wing chord plane, inch-pounds 

s t a t i c  pressure ,  pounds per square f o o t  

concentrated load  applied on t h e  41.7-percent-chord l i n e  a t  

Y =  0.925, pounds 
b/2 

r o l l i n g  ve loc i ty ,  r ad ians  per second 

dynamic pressure ,  pounds per square foo t  

a r ea  of two wing panels measured t o  fuse lage  center  l i n e ,  
2.70 square f e e t  

exposed area of t h ree  wing panels,  3.29 square f e e t  

f l i g h t - p a t h  ve loc i ty ,  f e e t  per  second 

d is tance  t o  41.7-percent-chord l i n e ,  measured perpendicular  
t o  model cen te r  l i n e ,  feet 

angle of a t t a c k  

d e f l e c t i o n  of t e s t  wing along 41 .T-percent-chord l i n e  under 
9 

load  PI ,  inches 

d e f l e c t i o n  of each a i l e r o n  i n  a plane perpendicular  t o  t h e  
a i l e r o n  hinge l i n e  



i W average wing incidence f o r  three wings measured i n  plane 
p a r a l l e l  t o  t h e  d i r e c t i o n  of  f l i g h t ,  p o s i t i v e  when tending 
t o  produce clockwise roll as seen  from t h e  rear, degrees 

e angle  of t w i s t  due t o  m, radians 

h/ c s p o i l e r  extension above wing sur face  i n  l o c a l  chord lengths  

"Pl wing bending-s t i f fness  paramet.er, inches p e r  pmnd 

e /m wing t o r s i o n a l - s t i f f n e s s  parameter, rad ians  pe r  inch-pound 

PbbV wing t i p  h e l i x  angle,  radians 

e f f e c t i v e  sec t ion  twisting-moment c o e f f i c i e n t  p e r  u n i t  r o l l i n g  
e f f e c t  ivene s s 

la6 

Subscr ip ts :  
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69 t o t a l  drag c o e f f i c i e n t  

a t  a l t i t u d e  of t e s t  

aver age 

a t  sea l e v e l  

a t  re ference  s t a t i o n  (mid-control) 

per  degree of a i l e r o n  def lec t ion  

MODELS AND TECHNIQUE 

The geometric c h a r a c t e r i s t i c s  of the t e s t  vehic les  used i n  t h i s  
i n v e s t i g a t i o n  are descr ibed i n  t h e  sketches and photographs o f  f igu res  1 
t o  5 .  

The a i r f o i l  sec t ions  used on t h e  configurat ions tes ted were t h e  
NACA 0009-1.16 38/1.14 (modif ied)  a t  the  root  and t h e  NACA 0007-1.16 
38/1.14 (modified) a t  the  t i p .  The aspect r a t i o  b2/S2 for a l l  models 
t es ted  w a s  3.02. Both wings of  t h e  proposed a i r p l a n e  are  equipped wi th  
upper-surface s p o i l e r s  and boundary-layer c o n t r o l  fences ,  lower-surface 
t i p  sk ids ,  and p l a i n  pa r t i a l - span  t ra i l ing-edge  a i l e rons .  During most 
r o l l i n g  maneuvers, an unsymmetric condition occurs which could not be 
dupl ica ted  wi th  a s i n g l e  three-wing t e s t  veh ic l e  of t h e  present  type, 
so  s e v e r a l  models were flown t o  t e s t  t h e  a i r p l a n e  r i g h t  and l e f t  wing 
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panels independently. 
schematically i n  f igu re  5 .  
of the  a i r p l a n e  when t h e  s p o i l e r  and a i l e r o n  a r e  s e t  t o  cause t h e  a i r -  
p lane  t o  r o l l  t o  t h e  r i g h t .  Type B i s  similar, but on ly  t h e  s p o i l e r  i s  
extended. Type C simulates t h e  l e f t  wing of t h e  a i r p l a n e  when t h e  a i r -  
p lane  is  i n  r i g h t  r o l l .  For s i m p l i c i t y ,  t h e  t e s t  model was cons t ruc ted  
i n  a manner t o  cause t h e  model wi th  a r i g h t  wing t o  r o l l  t o  t h e  l e f t ,  
as i s  i l l u s t r a t e d .  This i s  of no importance because t h e  r e l a t i v e  loca-  
t i o n  of t h e  boundary-control fence and t h e  wing t i p  sk id  i s  t h e  same as 
t h a t  for t h e  a i rp l ane  l e f t  wing panel  i n  right r o l l .  

The various c o n t r o l  conf igura t ions  are i l l u s t r a t e d  
The type A model s imula tes  t h e  r i g h t  wing 

An important phase of t h i s  i n v e s t i g a t i o n  w a s  t h e  determinat ion of 
t h e  e f f e c t s  of a e r o e l a s t i c i t y  upon t h e  r o l l i n g  e f f ec t iveness .  To do 
t h i s ,  a s t i f f  model and a f l e x i b l e  model were cons t ruc ted  f o r  every 
wing-control configuration. The s t i f f  models w e r e  as s t i f f  as could 
f eas ib ly  be made i n  order t o  minimize a e r o e l a s t i c  e f f e c t s ,  whereas t h e  
f l e x i b l e  models were cons t ruc ted  i n  a manner t o  approximate t h e  sca l ed  
s t r u c t u r a l  c h a r a c t e r i s t i c s  es t imated  f o r  t h e  proposed a i rp l ane .  The 
data from the  s t i f f  and f l e x i b l e  models were c ross  p l o t t e d  a g a i n s t  wing 
t o r s i o n a l  s t i f f n e s s  and t h e  va lues  f o r  t he  r o l l i n g  e f f ec t iveness  a t  
i n f i n i t e  r i g i d i t y  were obtained by ex t r apo la t ion .  The s t r u c t u r a l  d e t a i l s  
of the two types of wing cons t ruc t ion  a r e  shown i z l  f i g u r e  4. The sur face  
f i n i s h  of a l l  models w a s  highly pol i shed  lacquer wi th  a minimum of 
waviness. 

The technique used t o  measure t h e  model s t r u c t u r a l  c h a r a c t e r i s t i c s  
i s  i l l u s t r a t e d  i n  f igu re  6, which p resen t s  a t y p i c a l  t e s t  se t -up  of t h e  
type used f o r  determination of t h e  spanwise v a r i a t i o n  of t he  t o r s i o n a l  
s t i f f n e s s  parameter Q/m. The v a r i a t i o n  of t he  f l e x u r a l  s t i f f n e s s  
parameter 

s u b s t i t u t i o n  of a concentrated load  on t h e  41 .T-percent-chord l i n e  
( l o c a t i o n  of main s p a r )  near t h e  wing t i p  f o r  t h e  torque t r a n s f e r  yoke 
i l l u s t r a t e d  i n  the  photograph. 

$/Pz with  span w a s  determined i n  a similar manner wi th  t h e  

The f l i g h t  t e s t s  were made a t  t h e  Langley P i l o t l e s s  A i r c r a f t  Research 
S t a t i o n  a t  Wallops I s l and ,  V a .  The t es t  veh ic l e s  were propel led  by a 
two-stage rocke t  propuls ion system t o  a Mach number of about 1.7. All 
da ta  were obta ined  during a pe r iod  of approximately 10 seconds of coas t ing  
f l i g h t  following rocket-motor burnout. Time h i s t o r i e s  of t h e  r o l l i n g  
ve loc i ty  were obtained with s p e c i a l  r a d i o  equipment. The f l i g h t - p a t h  
ve loc i ty  was obtained with CW Doppler r a d a r  and the  space coord ina tes  
wi th  SCR 584 radar .  These data,  i n  conjunct ion wi th  atmospheric da t a  
obtained by means of radiosonde, permit t h e  eva lua t ion  of t h e  a i l e r o n  
r o l l i n g  e f f e c t i v e n e s s  pb/2V and t h e  t o t a l  drag c o e f f i c i e n t  CQ as 

a function of Mach number. 
from approximately 3 x 10 6 a t  M = 0.6 t o  9 x 10 6 a t  M = 1.5. For a 
more complete desc r ip t ion  of t h e  f l i g h t  t e s t i n g  technique, see r e fe rence  1. 

The Reynolds number f o r  t he  tests v a r i e d  



ACCURACY AND CORRECTIONS 

Based  upon previous experience, the maximum experimental e r r o r  i s  
es t imated  t o  be wi th in  t h e  following limits: 

Subsonic Supersonic 

c* . . . . . . . . . . . . . . . . . . . . .  i0.004 to .  002 

pb/2V, r ad ians  +O .004 i o .  002 . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  M +o. 005 j 9  .OO5 

The s e n s i t i v i t y  of t h e  experimental technique, however, i s  such t h a t  much 
smaller i r r e g u l a r i t i e s  i n  t h e  v a r i a t i o n  of 
be de tec ted .  
v a r i a t i o n s  from t h e  des i r ed  va lues  of Oo and 5 O  f o r  wing inc.idence and 
c o n t r o l  de f l ec t ion ,  r e spec t ive ly ,  were permitted. The da ta  were ad jus ted  
for e f f e c t  of wing incidence by use of t he  equation given i n  re ference  2, 
which w a s  der ived  from s t r i p  theory f o r  r i g i d  wings. The adjustments 

f o r  a i l e r o n  d e f l e c t i o n  were made by reducing t h e  da t a  t o  @ and then  

mul t ip ly ing  by t h e  n m i n a l  6, value o f  5'. For the  case  of t h e  a i l e r o n  

and s p o i l e r  i n  combination, adjustment was made only f o r  t h a t  po r t ion  
con t r ibu ted  by t h e  a i l e r o n .  The a c t u a l  measured va lues  f o r  t he  models 
t e s t e d  are presented  i n  t a b l e  I i n  order t o  show t h e  magnitude of such 
adjustments. 

pb/2V wi th  Mach number may 
For purposes of economy and ease  of cons t ruc t ion ,  small 

6a 

N o  attempt w a s  made t o  c o r r e c t  f o r  the e f f e c t  of t h e  t e s t - v e h i c l e  
moment of i n e r t i a  about t h e  roll a x i s  on t h e  measured v a r i a t i o n  of pb/2V 
wi th  Mach number, s ince  the  a n a l y s i s  i n  reference 1 i n d i c a t e d  t h a t  t h e  
magnitude of t h e  co r rec t ion  i s  s m a l l  enough not t o  a f f e c t  t h e  conclusions 
drawn from these  data. 

RFSULTS AND DISCUSSION 

Basic da ta . -  The s t r u c t u r a l  and aerodynamic data obta ined  during 
t h i s  i n v e s t i g a t i o n  are presented  i n  f igure 7. The measured d i s t r i b u t i o n s  
of t h e  s t i f f n e s s  of t h e  wings i n  bending and t o r s i o n  are presented  as 
p l o t s  of 6p/P2, the bending-s t i f fness  parameter, and e/m, t h e  t o r s i o n a l -  

s t i f f n e s s  parameter, aga ins t  b-. The s t r u c t u r a l  c h a r a c t e r i s t i c s  Y 



estimated f o r  a t y p i c a l  a i r p l a n e  have been sca l ed  down t o  allow comparison 
wi th  the  measured c h a r a c t e r i s t i c s  of  t h e  t es t  models. The v a r i a t i o n  
of O/m (measured p a r a l l e l  t o  t he  d i r e c t i o n  of f l i g h t )  w i th  - Y has 

b /2 
been included t o  allow use of t h e  method presented  i n  re ference  3 t o  
obtain e f f e c t i v e  twisting-moment c o e f f i c i e n t s .  The s t a t i c  pressure  
ex i s t ing  during each f l i g h t  i s  a l s o  shown on t h e  f i g u r e  as t h e  v a r i a t i o n  
of Pa/Po wi th  Mach number, where Pa/Po i s  the  r a t i o  of  s t a t i c  pressure  
a t  the a l t i t u d e  of the  test  t o  s tandard sea- leve l  pressure  (2116 pounds 
per  square f o o t ) .  
t he  va r i a t ion  of pb/2V, t h e  con t ro l  r o l l i n g  e f f ec t iveness ,  and. Cm, 
t he  t o t a l  drag coe f f i c i en t ,  w i th  Mach number. 

The aerodynamic r e s u l t s  obtained are presented  as 

Because d i f f e r e n t  atmospheric condi t ions  preva i led  f o r  t he  va r ious  
t e s t s ,  and because t h e  data  were obtained over an a l t i t u d e  range of 
approximately 10,000 feet ,  it w a s  necessary t o  c o r r e c t  a l l  of t h e  r o l l i n g -  
e f fec t iveness  da t a  t o  s tandard sea- leve l  condi t ions t o  provide an  
adequate b a s i s  f o r  comparison. This  co r rec t ion  w a s  made i n  a manner 
s imi la r  t o  the  method described i n  re ference  3. 

R3l l ing e f f ec t iveness .  - The e f f e c t  o f  wing f l e x i b i l i t y  upon r o l l i n g  
e f fec t iveness  corrected t o  sea - l eve l  condi t ions i s  presented  i n  f i g u r e  8. 
The rigid-wing values were obtained by  ex t r apo la t ion  from c r o s s  p l o t s  
of  pb/2V aga ins t  wing t o r s i o n a l  s t i f f n e s s .  These d a t a  are summarized 
i n  f igure  9 t o  allow d i r e c t  comparison between t h e  var ious  wing-control 
configurat ions.  It i s  noted t h a t  above t h e  speed o f  sound t h e  a i l e r o n  
w a s  r e l a t i v e l y  i n e f f e c t i v e  as compared wi th  t h e  s p o i l e r  because of  wing 
twis t ing .  I n  addi t ion ,  a comparison i s  made of t h e  measured r o l l i n g  
e f fec t iveness  f o r  t h e  combined a i l e r o n  and s p o i l e r  A w i t h  tha t  obtained 
from t h e  summation of t h e  r e s u l t s  o f  t h e  a i l e r o n  and s p o i l e r  A t e s t e d  
separately.  The exce l l en t  agreement between t h e s e  values i n d i c a t e s  t h a t  
t h e  mutual i n t e r f e rence  between t h e  midsp'an s p o i l e r  and t h e  outboard 
a i le ron  was very  small. 

Figure 10 presents  t h e  v a r i a t i o n  of  the e f f e c t i v e  s e c t i o n  twis t ing-  
moment coe f f i c i en t  cmg/ag 

spoiler-alone and ai leron-alone conf igura t ions .  Since ag i s  propor t iona l  
t o  the r o l l i n g  e f fec t iveness ,  t h e  comparatively low va lues  of 
obtained f o r  t h e  s p o i l e r  (about one- th i rd  as l a r g e  as those  f o r  t he  
a i l e ron )  i l l u s t r a t e  a poss ib le  m e r i t  of s p o i l e r s  f o r  con t ro l  where wing 
twis t ing  i s  a problem. 

(see re ference  3 )  wi th  Mach number f o r  t h e  

cmg/ag 

CTag.- A comparison of t h e  r e s u l t s  from t h e  s t i f f -wing  conf igura t ions  - 
wi th  those from t h e  f lexible-wing conf igura t ions ,  t o  show t h e  e f f e c t  
of wing f l e x i b i l i t y  upon the  v a r i a t i o n  of t h e  t o t a l  drag c o e f f i c i e n t  Cm 



with  Mach number, i s  presented  i n  f i g u r e  11. 
models had  less drag than  the comparable s t i f f  models. 
t o  note t h a t  t h e  increment i n  drag c o e f f i c i e n t  due t o  the inc rease  i n  
wing s t i f f n e s s  f o r  t h e  conf igura t ion  which employed t h e  a i l e r o n  and 
s p o i l e r  i n  combination i s  approximately equal t o  t h e  sum of t h e  increments 
f o r  t h e  c o n t r o l s  t e s t e d  separa te ly .  This i s  i l l u s t r a t e d  i n  figure l l ( a ) ,  
i n  which t h e  es t imated  v a r i a t i o n  of Cm with M obtained by sub t r ac t ing  

t h e  sum of t h e  incremental  values from the s t i f f - w i n g  r e s u l t s  i s  compared 

I n  every case t h e  f l e x i b l e  
It i s  i n t e r e s t i n g  

- 7 -  w; 4-L LII t he  xeasured flexl5le-wing data.  

The e f f e c t  of t h e  type of con t ro l  upon t h e  v a r i a t i o n  of CDT w i t h  
M 
The most s i g n i f i c a n t  f a c t  about t hese  data i s  t h e  extremely l a r g e  
increase  i n  CDT which accompanied t h e  use of t h e  s p o i l e r .  A t  speeds 

l e s s  than M x 0.95, t h e  drag of t h e  spo i l e r  conf igura t ion  w a s  more 
than  twice t h a t  of t h e  a i l e r o n  configuration; f o r  speeds g r e a t e r  than 
M x 0.95, t h e  drag w a s  approximately 20 percent g r e a t e r .  

i s  presented  i n  f i g u r e  12 f o r  t h e  s t i f f -  and f lexible-wing models. 

E f f e c t  of gap upon s p o i l e r  performance.- Figure 13 p resen t s  a 
r-,,,,:,,, *f + T I  L w v l l l p n l l o u l l  U W G  VJyes of s p o i l e r s  t h a t   ere t a s t e d  in ccEbinaticn ~ i t h  
i i l e r o n s  or? t h e  s t i f f  wings, The spo i l e r  A w a s  s i m i l a r  t o  t,hat planned 
f o r  use upon t h e  proposed a i rp l ane ,  whereas f o r  s p o i l e r  B, t h e  spanwise 
v a r i a t i o n  of t h e  ex tens ion  of t he  spo i l e r  above t h e  wing sur face  d i f f e red  
s l i g h t l y  from s p o i l e r  A and the re  was no gap between the  lower sur face  
of t he  s p o i l e r  and the  wing sur face  as employed by s p o i l e r  A. 
average ex tens ion  of t he  two types of spo i l e r s  was very near ly  t h e  same 
( f o r  s p o i l e r  A, (h/c), = 0.063; f o r  spo i l e r  B, (h/c), = 0.0614), t h e  
d i f f e rences  i n  t h e  va lues  of pb/2V and CDT which were obta ined  f o r  

t h e  two c o n t r o l s  a r e  a t t r i b u t a b l e  primarily t o  t h e  e f f e c t  of t h e  gap. 
The gap caused an appreciable inc rease  i n  a t  Mach numbers below 
M 2 1.36 and i n d i c a t i o n s  of a decrease above M % 1.36. The e f f e c t  of 
t n e  gap upon tne t o t a l  drag c o e f f i c i e n t  was a Cecrease of ayproxirwieiy 
25 percent  i n  t h e  subsonic region and approximately 10 percent i n  the  
supersonic reg ion .  

A s  t he  

. 
pb/2V 

C ONC LUS I O N S  

An i n v e s t i g a t i o n ,  by means of rocket-powered models, of t h e  r o l l i n g  I 

e f fec t iveness  of  a wing-control configuration s imula t ing  a f igh te r - type  
a i r p l a n e  i n d i c a t e s  t h e  following conclusions: 

1. Within t h e  experimental accuracy, no mutual i n t e r f e r e n c e  w i t h  
r e spec t  t o  r o l l i n g  e f f ec t iveness  was de tec tab le  between the  midspan 
s p o i l e r  and t h e  outboard a i l e r o n .  
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2. Above t h e  speed of  sound, t h e  a i l e r o n s  w e r e  r e l a t i v e l y  inef fec-  
t i v e  as compared with t h e  s p o i l e r  because of wing tw i s t ing .  

3.  The r e s u l t s  i n d i c a t e  t h a t ,  f o r  equal r o l l i n g  e f f ec t iveness ,  t h e  
a i l e ron  had approximately three t i m e s  t h e  e f f e c t i v e  wing twisting-moment 
coe f f i c i en t  of  t h e  s p o i l e r .  

4. For equal  r o l l i n g  e f f ec t iveness  t h e  use  of  t h e  s p o i l e r  w a s  
accompanied by  an extremely l a r g e  inc rease  i n  t h e  t o t a l  d rag  c o e f f i c i e n t  
as compared wi th  t h a t  f o r  t h e  a i l e r o n .  

Langley Aeronautical  Laboratory 
National Advisory Committee f o r  Aeronautics 

Langley F ie ld ,  Va .  
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TABLE I 

I Wing-control 
configurat ion Model Type I Construction 

I 
-0.. 01 Spo i l e r  A 1 Flexib le  

Flexib l e  1 n 1 ,  - .u'+ - 5 . 4  7(b: Aileron 
I ~~ ~ 

Aileron + s p o i l e r  A 

Spo i l e r  A 

Aileron 

Flex ib le  

S t i f f  
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.07 
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-.01 
-- 

c I S t i f f  2 Aileron 

Ai le ron  + s p o i l e r  A r S t i f f  1 0 

Aileron + s p o i l e r  A S t i f f  A I  .10 2 

1 
1 Aileron + s p o i l e r  B 
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Figure 3.- Close-up of wings and controls.  



( a)  Ex te rna l  d e t a i l s .  

Figure 4.- Descr ip t ion  of wings and controls.  A l l  dimensions are i n  
inches . 
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(b) Spo i l e r  d e t a i l s  ( th ickness  = 0.062). 

Figure 4.- Continued. 
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(c) Structural details .  

Figure 4.- Concluded. 
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Figure 5.  - Schema.tic i l l u s t r a t i o n  of the control  combinations t e s t e d  as 
seen from rea.r of t e s t  vehicle. 
r o t  a t  ion. 

A r r o w s  show d i rec t ion  of posi t ive 
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( a )  Spoi ler  A on flexible wing; (h/c),, = 0.063. 

Figure 7.- S t ruc tu ra l  and aerodynamic data. 
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(b) Aileron on flexible wing; 6 ,  = 7.0'. 

Figure 7. - Continued. 
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( c )  Aileron and s p o i l e r  A on f l e x i b l e  wing; 6, = 5.0'; 

Figure 7. - Continued. 
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( d )  S p o i l e r  A on s t i f f  wing; (h/c),, = 0.063. 

Figure 7. - Continued. 
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( e )  Aileron on s t i f f  wing; 6, = 3.0°. Results shown f o r  models 1 and 2. 

Figure 7. - Continued. 
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(f) Aileron  and s p o i l e r  A on s t i f f  wing; 6, = 5.0'; (h/c),, = 0.063. 
Results shown f o r  models 1 and 2. 

Figure 7.- Continued. 
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( g )  Aileron and spo i l e r  B on stiff w i n g ;  6, = 5.0'; 

Figure  7.- Concluded. 

(h/c)av = 0.061. 
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( a )  Ai le ron  and s p o i l e r  A; 6, = 5.0'; (h/c),, = 0.063. 

Figure 8.- Ef fec t  of wing f l e x i b i l i t y  upon v a r i a t i o n  of r o l l i n g  e f f ec -  
I 

t i v e n e s s  with Mach number. Sea-level condi t ions.  



... LL.. ... ...e 0.0 ..a .*e .* . 0 .  . 0 .  . 

. /z 

.08 

.6 .8 

(b) Spoiler A; (h/c),, = 0.063. 

Figure 8. - Cont hued. 
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( c )  Aileron; 6a = 5.0'. 

Figure 8.- Concluded. 
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(a )  Ext rapola ted  r igid-wing values.  

Figure 9.- E f f e c t  of c o n t r o l  conf igura t ion  upon v a r i a t i o n  of r o l l i n g  
e f f ec t iveness  wi th  Mach number. 
(h/c),, = 0.063 where def lected.  

Ai le ron  and/or s p o i l e r  A. 6, = 3.0'; 
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(b) Flexible-wing models at sea-level conditions. 

Figure 9.- Concluded. 
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Figure 10.- Variation of effective twisting-moment coefficient with Mach 
number for aileron and spoiler A. 



( a )  A i l e r o n  and spoiler A. 
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(b) Spoiler A. 
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( c )  Aileron. 

Figure 11.- E f f e c t  of  w i n g  f l e x i b i l i t y  upon v a r i a t i o n  of  t o t a l  drag coef-  
f i c i e n t  with Mach number. 
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( a,) St i f f  -wing models. 

( b )  Flexible-wing models. 

Figure 12.- E f f e c t  of c o n t r o l  conf igura t ion  upon v a r i a t i o n  of t o t a l  d rag  
c o e f f i c i e n t  wi th  Mach number. Ai le ron  and/or s p o i l e r  A.  
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Figure 13.- Comparison of t h e  va r i a t ion  of  r o l l i n g  e f fec t iveness  and 
t o t a l  drag c o e f f i c i e n t  wi th  Mach number f o r  two types of s p o i l e r s  
on s t i f f -wing  models. Basic d a t a  uncorrected f o r  a l t i t u d e .  
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SECURITY INFORMATION 

ERRATA NO. 2 

NACA RM ~51128 

I I O C ~ - ~ 4 O i E L  INVESTIGATION OF THE ROLLING EF~CTI'v'Eiu'ESS 
OF A FIGHTER-TYPE WING-CONTROL CONFIGURATION 

AT MACH NUMBERS FROM 0.6 TO 1.5 
Ey E. Kur t  Strass and Edward T. iviariey 

In Errata  number 1 f o r  t h i s  paper, the date c i t ed  "Septenber 25, 1951" 
is  incorrect and should be changed t o  "February 25, 1952." 
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;SOCKET-MODEL INVESTIGATION OF THE ROLLING EFFECTIVENESS 
OF A FIGHTER-TYPE WING-CONTROL COWIGURATIOV 

AT MACH NUMBERS FROM 0.6 TO 1 . 5  
By  H .  Kurt S t r a s s  and Edward T. i k r i e y  

September 25, 1951 

Page 8: Conclusions 3 a ~ d  LL should he rev ised  as follows: 

3. ? h e  results ind ica t e  tha t  t h e  tw i s t ing  moment per  u n i t  
r o l l i n g  e f fec t iveness  based upon t h e  r o l l i n g  e f f ec t iveness  of t h e  
t e s t  configurat ions was approximately t h r e e  t imes as l a r g e  f o r  t h e  
a i l e r o n  as f o r  t h e  spo i l e r . "  

4. "The u s e  of t h e  s p o i l e r  was accompanied by a l a r g e  increase  
i n  t h e  t o t a l  drag coe f f i c i en t  as compared with t h a t  f o r  t h e  a i l e r o n . "  


